Ventricular septal defects (VSD) are the second commonest Background: congenital heart defects after bicuspid aortic valve. When left unrepaired, they can undergo spontaneous closure or elicit a spectrum of complications including pneumonia (PNA) or pulmonary hypertension (PH) with subsequent anaemia. In this retrospective study, we aim to establish and compare the prevalence of anaemia in patients with solitary acyanotic VSD in comorbid with PNA or PH.
Introduction
Anaemia is a common complication of a myriad medical conditions often met in general ward. Its aetiology is complex and multifactorial, encompassing intrinsic and extrinsic factors [1] [2] [3] . Cyanotic congenital heart defects are known to severely derail smooth blood flow with subsequent iron homeostasis dysregulation. Prevalence of anaemia amongst patients with cyanotic VSD is known and well documented in a variety of world literature 2 . On the contrary, solitary acyanotic ventricular septal defect (VSD) exhibit a relatively smooth blood with unremarkable iron homeostasis dysregulation. However, depending on size and duration, solitary VSD can lead to pulmonary hyper-circulation with subsequent complications, including recurrent lower respiratory tract infection (pneumonia; PNA), pulmonary hypertension (PH), pulmonary vascular disease, heart failure and death 4, 5 .
PNA is known to cause local hypoxia with subsequent upregulation of erythropoiesis. In addition, certain causatives of PNA are known to compete for iron with the host, while others induce haemolysis, both leading to anaemia 6 . Equally, PH has been associated with severe forms of haemolytic anaemia in patients with haemoglobin disorder and erythrocyte membranopathies 2, 7 . In addition, free haemoglobin produced as a result of haemolysis depletes nitric oxide with subsequent vessel constriction, local hypoxia and exacerbation of PH 8, 9 . Both PNA and PH exhibit tendencies of inducing local hypoxia, leading to upregulation of erythrocyte synthesis. Adults and older children with enough iron store can tolerate such a condition without developing anaemia. However, infants and young children have inadequate iron stores. In addition, children below the age of 6-months fed exclusively on breast milk have limited source of iron replacement. For the reasons mentioned above, we hypothesize that paediatric patients with solitary acyanotic VSD coexisting with PNA or PH retain a risk of developing anaemia. In this retrospective study, we aim to establish the prevalence of anaemia in patients with solitary acyanotic VSD in comorbid with PNA or PH.
Methods

Case file details and classification
Between February 2014 and September 2018, 90 case files of patients with solitary acyanotic-VSD, who underwent either surgical or minimal invasive closure in our Department of Cardiac Surgery, Shandong Provincial Hospital Affiliate of Shandong University were primarily selected for this study.
However, only 75 case files met study criteria, which included patients with a history of proven PNA by chest radiography with positive bacterial culture of trans-tracheal aspirate or polymerize chain reaction from nasopharyngeal swab. Pulmonary hypertension diagnosis was echocardiography based, except in 5 patients from PNA group, who presented in heart failure state. Excluded from this study were 15 files of patients: 7, sickle cell; 4, β-Thalassemia; 4, blood transfusion.
Among the 75 files were 48 males (75.64%) and 27 females with mean age and weight of 8.3±5.7 (3-24) months and 3.8±3.0 kilograms, respectively. Depending on the associated complication, the cohort was then divided into three groups: A, PNA (n=30); B, PH (n=25); and C, control (n=20). Based on age, the cohort was further split into two groups: I, young children (≥3-≤6); II, older children (>6-≤24) months. The patient demographic and clinic characteristics (Table 1 ) and hematologic profile (Table 2 ) reflects pre-procedure state.
Data variables Statistical analysis. Data was analysed using IBM SPSS-software (one-way-ANOVA) and all statistics expressed as mean ± standard deviation. Intergroup haemoglobin level was compared using independent samples student's t-test. Statistical comparison of proportions was analysed using Tukey HSD Test, and the probability value of less than 0.05 was considered significant. Patient proportions are expressed in number and percentage (n, %).
Results
In this study, the haemoglobin reference range for groups: I and II were (95-135g/L) and (105-135g/L) respectively. This thus, conforms with local protocol.
According to data analysis in Table 3 , 27 patients (36%) in total had anaemia. Of the anaemia cohort, 16 (59.3%) had PNA, 9 (33.3%) had PH, and 2 (7.4%) were asymptomatic. These results can be expressed as ratios 16:9:2=8:4.5:1; therefore, patients with PNA and PH are 8 and 4 times more susceptible to developing anaemia than asymptomatic patients.
Of the cohort, 42 were young children, and of those 19 had anaemia (45.2%), while 24.2% of the older children had anaemia. Haemoglobin intergroup (ANOVA) independent sample t-test was significant (p<0.05). In addition, intergroup Tukey HSD test for haemoglobin: A/B (p>0.05), A/C (p<0.01), B/C (p<0.01). The mean white blood cells in patients with PNA was higher and intergroup p-value was significant (p<0.05).
Discussion
Anaemia, defined as haemoglobin (Hb) concentration below the 5 th percentile for age at sea-level, is a common complication of a myriad medical conditions often met in the general ward 1 . Its aetiology is complex and multifactorial, encompassing intrinsic and extrinsic factors. Both pneumonia (PNA) and pulmonary hypertension (PH) due to cyanotic congenital heart defect (CHD) have been implicated in the occurrence of anaemia 2, 3, 7 . In addition, sporadic reports linking anaemia to PNA or PH amongst patients with acyanotic ventricular septal defect (VSD) have been publish.
VSD is the second commonest CHD after bicuspid aortic valve 4,10 , and solitary cases account for almost 20%. One of the most common defects associated with elevated pulmonary artery pressure is a large VSD. Elevated pulmonary artery pressure in CHD can be due to pulmonary hyper-circulation, pulmonary vasoconstriction, and pulmonary vascular disease, either alone or in combination. In an infant, despite pulmonary pressure being at systemic level, pulmonary vascular resistance is low; therefore, minor shunt easily elicits hyper-circulation 2, 4, 7, 11 . PH, defined as mean pulmonary artery pressure of ≥25mmHg at rest as measured by cardiac catheterization in children aged ≥3months, is a serious disorder with a high morbidity and mortality rate 2 . Blood shunt may cause haemolysis due to shear stress and produce free haemoglobin, which in turn depletes nitric oxide leading to endothelial dysfunction, vasoconstriction, pulmonary oedema and hypoxia. Furthermore, haemolysis produces arginase, which converts L-arginine to ornithine; therefore, bypassing nitric oxide production 2, 9, 12 .
PNA, defined as an inflammation of alveoli (with or without pus) due to an infection is a serious morbidity and mortality reason for children (≤2years) with hemodynamic significant VSD 5, 13 . Similar to PH, inflammatory state in PNA causes pulmonary oedema, homeostasis and hypoxia, with subsequent upregulation of erythrocyte synthesis 8, 14 . Prolonged upregulated erythropoiesis in young children with low iron store and limited iron source (exclusive breast milk) can develop low haemoglobin levels 1 . In addition, microangiopathic haemolytic anaemia in CHD and PH has been reported 3 , a complication commonly observed in primary PH. Unlike PH, a number of PNA causatives are known to cause haemolytic and iron deficient anaemia. Mycoplasma pneumonia has been reported to cause severe haemolytic anaemia 15, 16 . In addition, Klebsiella is known to compete for iron with host via siderophores 6 .
Our study shows that patients with acyanotic VSD within mean sizes 1.2±0.3 and 0.89±0.2 cm were prone to develop recurrent lower respiratory tract infection and pulmonary vascular disorder. The two pathological conditions primarily share common features including pulmonary oedema, haemostasis and hypoxia, with an immediate non-hemodynamic response in form of increased erythropoiesis. However, unlike PH, toxins from certain causatives (bacteria) in PNA induce haemolysis, while other pathogens compete for iron with the host. Owing to LDH and WBC elevation in group A, it's evident that there was some haemolysis of a certain degree as a result of an infection. Other potential causes include microangiopathic haemolysis in CHD with PH, feeding difficulties and malabsorption. Given the high proportion of anaemia in the 'young children' group, it is logical to assume they were fed exclusively on breast (artificial) milk, possibly limiting the source of iron. From our study, it is evident that diagnosis of hemodynamic significant acyanotic VSD in comorbid with PNA or PH should heighten the suspicion index of anaemia. However, we acknowledge that aetiology of anaemia is multifactorial, and so many intrinsic and extrinsic factors are at play, hence, every case requires a holistic approach.
Limitations
To the best of our knowledge this comparative concept is new; therefore, a larger cohort in a prospective model would validate our findings.
Conclusion
Paediatric patients without hematologic disorders, diagnosed with hemodynamic significant acyanotic VSD in comorbid with PNA or PH are 8 and 4 times susceptible to develop anaemia compared to asymptomatic counterparts. Susceptibility is even high amongst young children (3-6months).
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